Background: Individual, home social and physical environment correlates of electronic media (EM) use among children were examined and pattern of differences on school and weekend days. Methods: Youth (n = 298) aged 11 to 12 years self-reported time spent using EM (TV, video/DVD, computer use, and electronic games) on a typical school and a weekend day, each dichotomized at the median to indicate heavy and light EM users. Anthropometric measurements were taken. Logistic regression examined correlates of EM use. Results: In total, 87% of participants exceeded electronic media use recommendations of ≤ 2 hrs/day. Watching TV during breakfast (OR = 3.17) and after school (OR = 2.07), watching TV with mother (OR = 1.96), no rule(s) limiting time for computer game usage (OR = 2.30), having multiple (OR = 2.99) EM devices in the bedroom and BMI (OR = 1.15) were associated with higher odds of being heavy EM user on a school day. Boys (OR = 2.35) and participants who usually watched TV at midday (OR = 2.91) and late at night (OR = 2.04) had higher odds of being a heavy EM user on the weekend. Conclusions: Efforts to modify children's EM use should focus on a mix of intervention strategies that address patterns and reinforcement of TV viewing, household rules limiting screen time, and the presence of EM devices in the child's bedroom.
Electronic media (EM) use occupies the largest amount of sedentary activity among children, 1 and may involve engagement with television (TV), videos (VHS), DVDs, nonacademic computer use, and electronic games. This type of EM use, especially TV viewing, 2 has been linked to the increasing problem of overweight and obesity in youth. Although, the relationship between TV viewing and adiposity is well established, [3] [4] [5] [6] its clinical relevance is currently considered small. 3 Nevertheless, overall EM use may be a risk factor for the development of chronic conditions that track into later years. 7 Despite social and educational benefits, 8 TV viewing has also been associated with low academic achievement, 9 antisocial behavior, 10 sleeping problems 11 and poor dietary habits. 12 Console gaming and computer and internet use have also been shown to have both positive and adverse health benefits among youth. 13 In light of the evidence linking children's screen time with overweight and obesity, it has been recommended that children should not spend more than 2 hrs/day using EM for entertainment during daylight hours on any given day. 14, 15 Of concern, however, in the US, 11-to 14-yearold youth spend an average of 4.25 hrs/day watching TV, videos and DVDs. 16 Although most Australian studies have reported lower average screen times [typically between 3-4 hrs/day, of which 2-3 hrs/day constituted TV (only) time], these studies still report estimates of higher than 2 hrs/day on average, [17] [18] [19] [20] [21] with boys usually spending more time engaged with EM than girls across childhood. 17, 18 In addition, screen time has been shown to increase with age, 16, 18 but typically only until late adolescence. 22 Olds and colleagues 23 have questioned the assessment of screen-time recommendations, where the adoption of different calculation methods may yield different prevalence estimates for screen time. Nevertheless, by averaging daily engagement in screen time across the week, it was found that children whose mean daily screen time exceeded 2 hrs/day had 63% greater odds of being overweight for their sex and age compared with those who met current recommendations. 24 Given these odds, the possibility of those who failed to meet the recommendation having cardio-metabolic implications 25 is likely. Thus, preadolescence appears to be an opportune time to intervene and modify EM use before significant increases occur 26 and adverse health effects develop.
As EM use mainly occurs at home, the family home environment may be an important setting for the development of electronic-based sedentary behavior. Most homes are media-rich environments, with nearly all households having access to a TV. In the US, the average home has 4 TV sets. 27 Of the homes with multiple TV sets, 66% have 1 TV set in a child's bedroom. 27 In Australia, 60% of households have 2 or more TV sets 28 and approximately 30% of 10 to 12 year-olds have a TV in their bedroom. 17 Furthermore, 80% of Australian 10-to 14-year-olds have at least 1 video/computer game and about 30% of children have 3 or more electronic devices at their disposal. 16, 17 An EM-filled home is highly associated with screen time and body mass index (BMI) among children. 17 The family home is a setting where EM use, particularly TV viewing, is prevalent and forms part of families' day-to-day leisure time. 29 Previous studies have identified a broad range of predictors of TV viewing or overall screen time among young children and adolescents, including gender, 2,4 sociodemographics, 7,17 child's weight status 2, 7, 24 and adiposity, 4 availability and accessibility of electronic devices, 13, 17, 30 physical activity, 4, 7, 12, 17, 29 poor dietary intake, 12, 30 paternal BMI, 7 lack of restriction over TV use, 13, 17 coviewing with family and friends, 29, 31 eating in front of TV, 29 as well as parental and sibling TV viewing habits. 29, 30 However, few studies have examined these influencing factors simultaneously. [32] [33] [34] [35] Even fewer have studied these influencing factors within the context of a school and a weekend day. It is possible that different factors may operate to influence EM on school and weekend days and such information is important for the development of interventions. This study aimed to examine associations between individual, and home social and physical electronic environment factors and EM use among 11-to 12-year-old children. Identifying correlates of heavy EM use is likely to facilitate the development of specific strategies to limit excessive EM use in children.
Methods

Design
In this cross-sectional study, a self-administered questionnaire and objective anthropometric measurements were used to collect data from 11-to 12-year-olds (Grade 7). The data were collected between October and December 2004. The study was approved by school Principals and The University of Western Australia Human Research Ethics Committee.
Sample Selection and Recruitment
A postcode 36 stratified random sample of 15 primary (elementary) schools from metropolitan Perth, Western Australia, were selected and all 11-to 12-year-olds (n = 553) at each of these school invited to participate in this study. Participation was voluntary. The return of a signed informed consent form by the student and their primary carer was a requirement for participation and students nominated their level of participation: questionnaire (54% response rate) and/or anthropometric measurements (49% response rate).
Measures and Test-Retest Reliability
The development of the questionnaire was based on data generated from a qualitative study, 37 items used in a descriptive study investigating children's leisure activities 17, 38 as well as literature on sedentary behavior and socioecological constructs. 32, 33 Test-retest reliability was established by administering the survey twice, 10 days apart among a subsample of 143 adolescents. Intraclass correlation coefficients (ICC) were calculated for ordinal and continuous variables, 39 while Kappa values and percent agreement were calculated for nominal variables. 40 
Electronic Media Use
Children were asked to report the total time per day (in hours or minutes) they spent in 5 EM activities on a typical school day (outside school hours) and a typical weekend day: TV viewing, watching videos/DVD, using a computer for fun, using a computer for homework, and playing electronic games (hand-held and those that hook up to a TV set). This instrument was adapted from an existing measure. 41 Total duration of EM use per school day and per weekend day was computed. The test-retest reliability (ICC) for total EM use was 0.78 for a typical school day and 0.67 for a typical weekend day. The ICC's for individual sedentary activities ranged from 0.51 to 0.76.
Individual Measures
Participants were asked how frequently (ICC = 0.58) and for how many hours (ICC = 0.84) they usually participated in physical activity (PA) outside school hours (PA defined as 'very active and out of breath or sweat'). Participants were also asked where they usually watched TV (own bedroom, other bedroom, dining/meals room, living/lounge/theater room: Kappa = 0.49; percent agreement = 86%) and when they usually watched TV on a typical school day (before and straight after school, during dinner, after dinner, late at night, Kappa = 0.41 to 0.72; percent agreement = 80% to 87%) and weekend day (morning, lunchtime, afternoon, during dinner, after dinner, late at night: Kappa = 0.45 to 0.58; percent agreement = 73% to 83%). Children were asked what time they usually get home from school and responded by providing the hour and minutes (ICC = 0.80). Outside of main meals, snacking while watching TV was also measured with a yes or no response category (Kappa = 0.76; percent agreement = 92%). Perceptions regarding the amount of TV they watched (ICC = 0.60) and if a sitter (other than a family member) were usually present at home when they returned home from school (Kappa = 0.56; percent agreement = 76%) were also assessed in the questionnaire.
Anthropometric measures were obtained by Level 1 ISAK (International Society for the Advancement of Kinanthropometry) accredited technicians. 42 All measurements (height, weight, waist circumference, hip circumference, and skinfolds) were taken using standard protocols according to ISAK. Anthropometric equipment used included a portable stadiometer, a weighing scale, girth tape and Slimline skinfold calipers. Participants' BMI [weight(kg)/height(m) 2 ] were calculated and classified as acceptable weight, overweight, or obese, based on international sex-and age-specific cut-off points. 43 The girth measures were taken twice, and mean girth values were calculated for each child. Four skinfold thicknesses (triceps, subscapular, suprailiac, and midabdominal) were also measured twice and the mean computed for each individual skinfold. All skinfold measurements were then summed to compute a total skinfold score.
Home Social Environment Measures
Participants were asked how frequently their significant others (ie, mom, dad, sister/s, and brother/s) watched TV, played electronic games and played computer games and how frequently they themselves watched TV with each of these family members. Response options were never, sometimes, often, and doesn't apply (ICC = 0.40-0.67). Participants were asked separate questions regarding whether they (Kappa = 0.39-0.74; percent agreement = 79%-88%) and their family (Kappa = 0.39-0.52; percent agreement) watch TV during breakfast, lunch, and dinner, respectively. Participants were also presented with several EM-based rules and restrictions and asked which of these rules applied in their home (ICC = 0.42-0.67). Perceptions about the frequency household members encourage them to watch less TV were also assessed (response options: never, sometimes, often, doesn't apply [ICC = 0.46-0.60]).
Home Physical Electronic Environment Measures
Participants were presented with a list of 8 electronic devices, including pay TV and internet service, and asked which of these they had in their home (Kappa = 0.68-0.83; percent agreement = 91%-99%) and in their bedroom (Kappa = 0.70-0.89; percent agreement = 93%-98%).
Sociodemographics Measures
Demographic items included gender, age, language mostly spoken at home, residential suburb, parents' education, family composition, and family living arrangement. Maternal and paternal highest level of education was categorized as tertiary education (university), postsecondary education (TAFE-technical and further education vocations), high school (completed certificate), and primary (elementary) school (completed certificate). The residential postcode was used to generate a proxy for socioeconomic status (SES) using the Index of Relative Socio-Economic Disadvantage; 36 participants were ranked into tertiles of SES (low, medium, and high) based on scores for their postcode.
Data Analyses
Descriptive statistics [mean and (±SD)] were calculated for each of the 5 different types of EM behaviors (Table  1) . A sum of the (5) individual EM components generated a composite score for which a highly skewed distribution containing some implausible values (>12hours per day) was found. So, the composite score was then truncated at the 95% percentile to reduce the effect of outliers and a mean (±SD) for total EM use calculated (Table 1) . Given this, the median was used to dichotomize the sample into heavy and light EM users ( Table 2 ). The BMI variable was also skewed and thus, truncated at the 95th percentile. To allow for the inclusion of as many children as possible in the multivariate analyses, simple imputation of missing data (for 75 participants) was employed where ≤ 20% of values for a variable of interest were missing. The mean was used to replace missing values for continuous variables and the mode was used to replace missing values for categorical variables, enabling a total of 298 participants to be included in all analyses. Other statistics are presented as percentage and the strength of the few bivariate associations between continuous variables (ie, BMI and TV mins/day) are shown as Pearson's correlation (r). Differences between heavy and light EM user groups for typical school and typical weekend days were assessed using the t test for quantitative variables and the Pearson's chi-square test for categorical variables. Logistic regression modeling with a backward variable elimination strategy was used to find the significant and independent predictors of heavy EM use separately for the individual, social and home physical environment blocks of variables. The process commenced with a multivariate model containing all variables showing significant differences (P < .05) between heavy and light EM use (from Table 2 ), and then eliminating nonsignificant (P > .05) variables in stepwise fashion. The retained variables from each block were then included together in a single final multivariate model and estimated odds ratios presented to show the strength of their associations with heavy EM use. Data analyses were performed using SPSS V15.0 for Windows.
Results
Demographic Characteristics
The average age of participants was 12.53 (SD ± .36) years. Gender was almost equal (147 boys and 151 girls) and 89% of participants came from families that spoke English at home. The majority of mothers (51%) and fathers (55%) had a tertiary (university) education. Thirty percent of participants resided in low, 30% in middle, and 40% in high socioeconomic areas. Most children (67%) lived in households with 2 parents and 54% had 2 or more siblings. Composite measure of TV, Video/DVD viewing, and computer use for fun (playing games and using the internet to surf and chat with others) and homework (word processing and researching on the internet), and playing electronic game systems including portable/hand-held, game cubes/ consoles, and games on mobile phones. ‡ Truncation (@ 95th percentile) applied to the total electronic media use score only.
* t test analysis; significant differences between boys and girls, P < .05.
** t test analysis; significant differences between boys and girls, P < .01.
(continued) a Type of electronic media user cut-points are based on this sample's median for total time (mins) in EM. The cut point for a light EM user on a typical school day is < 240.00 mins/day and a heavy EM user is > 240.01 mins. The cut-point for a light EM user on a typical weekend day is < 320.00 mins and for heavy EM user it is >320.01 mins. * Significant differences between light and heavy EM users, P < .05. ** Significant differences between light and heavy EM users, P < .01. + Based on residential postcodes and classified according to SEIFA. 36 # The skinfold score is a sum of 4 skinfold thickness' (mm) taken on triceps, subscapular, suprailiac and midabdominal body sites. ^ Only children who had a brother/s were used in this cross-tabulation. XXX Only children who had a sister/s were used in this cross-tabulation. ‡ Collapsed category of 'sometimes' and 'often' as few response counts had less than 5 cases violating chi-square test assumption.
Electronic Media Use
Participants engaged in EM use for an average of 290 mins/day on a typical school day and 351 mins/day on a typical weekend day, with boys spending more time than girls in total EM use on both days (Table 1) . Boys spent more time than girls using a personal computer for fun and playing electronic games on a school and a weekend day. Boys also watched more TV on a typical weekend day than girls. Overall, 84% of children exceeded the guidelines for EM use (2 hrs/day) 14,15 on a school day and 90% on a typical weekend day. 45 and cardiovascular disease. 46 A weak but significant correlation between BMI and total EM use per day (r = .13, P = .029) was also found by this study. However, no significant correlations between total time (mins/day) spent in front of TV (including video and DVD) and various adiposity indices such as BMI (r = .03, P = .599), WC (r = .02, P = .659) and skinfold score (r = .04, P = .945) were found. Table 3 shows the significant variables from Table  2 that retained significance in the multivariate analysis. The significant and independent determinants of heavy school day EM use were usually watching TV after school (OR = 2.07), having a sitter present at home when they returned home from school (OR = 18.85), having a higher BMI (for every 1 unit increase in BMI, the odds of adolescent being a heavy EM user increased by 15%), often coviewing TV with their mother on a school day (OR = 1.96), usually watching TV during breakfast (OR = 3.17), having a household rule prohibiting late night TV (OR = 0.32), not having a household rule limiting the time spent on personal computer games (OR = 2.30), and having 2 or more EM screen-based devices in the bedroom (OR = 3.0). The significant and independent determinants of heavy weekend-day EM use were being a boy (OR = 2.35), and usually watching TV around midday (OR = 2.91), late at night (OR = 2.04) and during lunch (OR = 1.87).
Associations of Individual, Home Social, and Physical Factors With Heavy Electronic Media Use
Discussion
In this study, individual, family social, and physical home factors were compared between 11-to 12-year-olds who were heavy and light EM users. Total EM use estimates for this study were significantly higher than reported elsewhere, 17, 18, 20, 34, [47] [48] [49] however the overall findings are consistent with many studies showing that a high proportion of children exceed current recommendations for EM use [16] [17] [18] 26, 29, 31, 47, 48 and that high EM use may contribute to risk of adiposity. 12, 18, 24, 47, [49] [50] [51] Together, these findings highlight a need for action to reduce EM use among youth. This study also identified a pattern of difference in EM use by days of the week (school and weekend days respectively) and by individual, social, and physical home-based factors that independently predicted heavy EM use.
On a school day, the before and after-school period was the most popular time to watch TV in addition to TV viewing with a female carer (typically mother) and having someone (a nonfamily member) home after school for heavy EM users. Furthermore, the presence of 2 or more EM screen-based devices in the child's bedroom, home rules prohibiting late night TV viewing and time limits on personal computer games together with an increased BMI were also independent predictors of heavy EM use on a school day.
This study also found that EM use pattern differed by gender where boys spent more time than girls in front of screens, particularly on weekends, a finding consistent with other studies. 17, 18, 20, 34, 47, 48 The likelihood of being a heavy EM user on the weekend was also greater among boys. This suggests that girls may have other interests or preferences for other types of leisure activities apart from EM use, although it is possible that these may be still sedentary (ie, sitting and chatting to friends), 17, 37 given that girls typically accumulate less physical activity than boys. 52 All of these influencing factors (summarized in Figure 1 ) are important targets for youth-based interventions and are broadly consistent with socioecological 32 and social cognitive 33 frameworks where individual factors, family social norms, as well as the home physical environment appear to influence discretionary EM use at home. However, overall, there were few correlates of weekend EM use compared with school day EM use and these tended to be related to TV viewing times (at midday, during lunch and late at night) and not to individual or family-related factors.
The results regarding relationships between physical activity participation and patterns of EM use by type of day suggested that both sedentary and physical activity behaviors can coexist, an assumption previously raised elsewhere. 37, 53, 54 Frequency of physical activity (but not duration) was associated with EM use in the unadjusted analysis. However, in the adjusted model physical activity was no longer significant. This adds weight to the notion that sedentariness and physical activity are independent behaviors. 55 Given that children who watched TV after school were more than twice as likely to be heavy EM users and that physical activity guidelines specifically recommend that EM use for entertainment be limited during daylight hours, 15 and with the greatest range of Figure 1 -Factors influencing children's electronic-media use at home. * Variables showed a significant association with heavy electronic media use at bivariate level (P < .05). ‡ Variables showed a significant association with heavy electronic media use at multivariate level and adjusted for all variables significant (P < .05) in Table 2 .
alternative activities (active or otherwise) is likely to be available during this time period, the after-school period is likely to be important. Focusing intervention efforts to reduce children's EM use during this period of the school day may therefore be opportune. Despite school days posing a constraint on children's leisure time, this study found a distinct pattern of EM use where on a school day, heavy EM users were characterized by watching TV after school and also late into the night. The presence of electronic devices in the bedroom appeared to be a consistent correlate of heavy screen-time use during a school day. Together these factors demonstrate that encouraging parents to either remove or avoid placing TVs and other electronic devices in children's bedrooms, and providing alternative opportunities to screen-based activities, particularly after school, may by important. Removing EM equipment from children's bedrooms may also reduce the likelihood of watching TV late into the night and may allow parents to have more control over their children's EM use. In support of this, rules restricting children's TV viewing late into the night and placing time limits on personal computer games were independently associated with lower likelihood of school day heavy EM use. This highlights that parental guidance and enforcement of rules is likely to be an important part of efforts to reduce children's EM use. Previous research has also found associations between home rules, EM use, and children's screen-based behavior. 13, 17, 34, 38, 61 Household rules, however, were not associated with EM use on the weekend in the multivariate model in this study. This may be because rules are less likely to be enforced by parents on weekends, which may be viewed as more leisurely and as 'time-out.' This assumption is supported by the greater amount of EM use reported by participants on a weekend day compared with a school day. While introducing household rules regarding EM use is important, upholding such rules in these circumstances may be challenging. Therefore, a consistent enforcement of rules may be necessary for the sustainability of home EM use rules.
A similar pattern of TV viewing during meal times was observed by school (breakfast) and weekend (lunch) days among heavy EM users. This presents as another opportunity for parents to reduce their children's screenbased behavior. Watching TV during meals has been linked with overweight and obesity. 29, 50 Although TV viewing during meals may be a secondary task, it may contribute to high overall EM use by leading to extended viewing before and after meals. Meal time viewing may also encourage viewing at other times since TV and what type of program is on TV can often be a point of distractibility. 62 Encouraging parents to remove TV as a focal point during meal times may be an important tool for further reducing children's screen time.
Coviewing of TV with mother but not other family members (ie, father or siblings) was found to be independently associated with heavy EM use on a school day, possibly due to the reinforcing nature of the behavior. Role modeling and reinforcement of EM use by other family members were not significant in the final multivariate model. This is inconsistent with previous studies 29, 30, 34 that have found role modeling and/or behavioral reinforcement by family members (ie, parents and siblings) in general to be correlates of screen-related sedentary behavior, so this is worthy of further exploration.
In this study, BMI was the only index of adiposity significantly associated with heavy EM use in the multivariate model (for school day). This finding provides additional support for the need to intervene to reduce the amount of time children spend using EM for entertainment given that overweight children are likely to remain overweight as they age, 56, 57 and the significant health implications associated with overweight during youth 5, 25, 45, 58, 59 and later in life. 7, 60 Compared with other studies investigating correlates of EM use in youth 3, 29, 35 this study examined the widest range of anthropometric measures (BMI, waist and hip circumference, and skinfold score) with EM use. Although, no relationship between TV viewing and most of the body fatness indices apart from BMI was found (data not shown), the significant relationship between BMI and EM is consistent with other studies 3, 6 and supports the notion that TV viewing alone may not be an ideal single marker of sedentariness. 3 The high screen time found by this study is also alarming but notably, this study is one of few 17, 20, 21 that has comprehensively included a range of different screenbased activities. This study measured 5 distinct types of sedentary screen-based activities (ie, TV only, Video/ DVD, computer use for fun, electronic games) including computer use for homework as part of the overall EM use prevalence estimate. Therefore, it is plausible that this may accounted for the difference in time spent with EM compared with other studies 18, [47] [48] [49] as it captured greater range of electronic mediums that children engage with and thus higher amount of screen time.
Limitations of this study included the cross-sectional study design (which limits inferences about causality) and the reliance on self-report measures that had generally not been validated (which may result in bias). It is also plausible that the general high level of EM use reported in this study may have been overestimated by some children and it is possible that the truncation of extreme values at the 95th percentile to reduce their influence in the bivariate and multivariate analysis may not have fully accommodated this over-reporting bias. In addition, quarter of the sample had missing data for variables of interest, necessitating the imputation of missing values so as to minimize the impact of missing data in the overall analyses. This has been accommodated using a simple imputation method. Further, numerous statistical tests were conducted in this study which may have led to bias and false-positive errors in the bivariate analysis. However, this is unlikely at the final multivariate level as most of the variables that remained were significant at P < .01.
The sample included only 11-to 12-year-olds and was skewed toward higher parental education and area-level SES, and the active consent process may have resulted in a sample with a greater interest in the topic than the broader population, all of which may limit the generalizability of the results. Finally, the current study focused on the influence of individual factors and the immediate social and physical family home environment factors on EM use. It did not consider whether the social environment variables (apart from time of day and mealtime viewing patterns) differed on weekdays and weekends, nor did it consider broader external factors which may also influence EM use, such as the characteristics of the local neighborhood. 63 Electronic media has a strong presence in family homes and EM use comprises a large proportion of children's leisure time. This study confirmed the pervasiveness of EM use among youth. The results of this study indicated that factors within the family home are important influences on children's EM use and specifically suggests that intervention strategies should focus on reducing EM use in the before-and after-school periods, as well as late in the evenings. Moreover, introducing and maintaining home rules and limits around TV and other EM use throughout the week, particularly rules prohibiting TV during meal times as well as minimizing access to electronic devices in the bedroom, are likely to be important. Modifying paternal behaviors that might reinforce TV viewing such as maternal coviewing of TV may also be important. Further research should include longitudinal designs and consider including other sedentary pursuits, particularly social sedentary behaviors such as sitting and chatting to friends and using telephones. The mixed use of electronic devices such as mobile phones with internet capabilities and connectivity, and other emerging technologies, may further contribute to sedentary screen time and are therefore worthy of study. Given that the results of this study lend themselves to the development of intervention strategies, future research may also explore children's self-efficacy to modify electronic-based sedentary behavior, self-regulation of EM use, goal setting strategies and decision making about alternative nonscreen based leisure activities, as well as parental behavioral capability to modify children's EM use.
